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© Front projection screen. 



© A front projection screen comprises a transpar- 
ent plate (20) whose rear side (25) is reflective. The 
front and rear side of the plate have two linear 
Fresnel structures (22. 23; 26, 27) crossing each 
other. The incident light is spread by microlens 
^structures (122, 126) arranged on the facets on the 
"front and rear sides and by bulk diffusor (120) in the 
Opiate. Ambient light incident on the screen leaves 
°0the screen on the rear side via the edges (27) which 
are present between the facets (26) on the rear side. 
*"This results in an enhancement of the contrast in the 
^observed picture. Further measures enhancing the 
contrast are the provision of light-absorbing layers 
©on the edges (23, 27) of the Fresnel structures on 
Q.the rear and front sides and the provision of wedge- 
LU shaped indentations (125) in the rear side of the 
plate. 
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Front projection screen. 



The invention relates to a front projection 
screen for displaying in an audience space an 
image supplied by an image beam from an image 
source, which projection screen comprises a plate 
having a front side and a rear side, the front side 
facing the audience space, said plate having diffus- 
ing means for spreading light from the image 
source in the audience space. 

A front projection screen of this type is known 
from FR-A 2 413 685. The front side of the front 
projection screen described in this patent applica- 
tion has a Fresnel structure and an anisotropic 
layer in which the incident light is reflected in a 
diffuse manner. Due to the diffusing means in the 
screen it is achieved that the projected picture is 
visible in the whole audience space, ft is to be 
noted that within the scope of the invention "an 
image source" is not only a single image source, 
for example, a conventional slide or film projector, 
but also an image source comprising a plurality of 
projectors placed proximate to one another, such 
as a projection system which is used to display a 
colour television or video program, which projection 
system has separate projectors for the three pri- 
mary colours. 

A probfem with images projected on front pro- 
jection screens is that the contrast of the observed 
image is reduced due to ambient light incident on 
the screen and subsequently being reflected to- 
wards the viewers.. In the case of a diffusely reflect- 
ing projection screen, such as the known screen, 
substantially all the incident ambient light is re- 
flected. This is particularly troublesome in those, 
applications in which a dedicated projection room 
is not practical, for example, projection television 
for the consumer market. In such cases, the source 
and character of ambient lighting is generally un- 
predictable and thus uncontrollable. 

In the known screen the light spreading means 
are constituted by a diffusely reflecting layer of an 
anisotropic composition provided proximate to the 
front side of the screen so that the spreading of 
light in one direction is larger than in the direction 
transverse to it. The known anisotropic reflecting 
layer requires special materials and manufacturing 
techniques to obtain the anisotropy with the same 
extent of diffusion in the entire plate. 

It is known to increase the image contrast of 
front projection screens by concentrating the pro- 
jected light into a multiplicity of picture elements, 
or "pixels", and by providing an array of reflective 
areas on a rear surface of the screen to reflect the 
pixels back through the front surface and into the 
audience space. Ambient light which enters the 



screen at oblique angles to the projection axis 
generally falls on light absorbing areas surrounding 
the light reflecting areas, and is consequently ab- 
sorbed. See US-A 4 298 246 and US-A 4 606 609. 
5 In US-A 4 298 246 the front surface is made up 

of a two-dimensional array of convex lenslets which 
focus the projected image behind the reflecting 
areas of the rear surface of the screen, resulting in 
some spreading of the image as it is reflected back 

io into the audience field. 

In US-A 4 606 609 the screen is made up of a 
plurality of optical cells, each having a front convex 
tens surface, and a rear surface contoured to col- 
iimate the reflected light into a narrow beam. 

is Spreading of the image is accomplished by light 
diffusing areas on the front lens surfaces located in 
the path of the reflected light, which diffuse the 
beams into the audience field. 

In the above arrangements, optimum perfor- 

20 mance is dependent upon holding a relatively close 
tolerance on screen thickness, as well as the reg- 
istration between the front and back surfaces, both 
needed to insure that the focal points of the front 
surface lenses fall at the desired location relative to 

25 the rear reflecting surface. 

In addition, these arrangements are designed 
with the assumption that the projected light is par- 
allel to the projection axis and thus normally in- 
cident on the screen surface. For a flat screen, this 

oo is generally true only in a central portion of the 
screen near the projection axis. With increasing 
distance away from the projection axis, the angle of 
incidence of the projected light increases, increas- 
ing the likelihood that the pixels will be partly of 

35 totally intercepted by the light absorbing areas. 

It is an object of the invention to provide a front 
projection screen in which a portion of the incident 
ambient light is not reflected and whose optically 
active parts of the screen have an isotropic com- 

40 position. 

It is also an object of the invention to provide a 
front projection screen in which projected light is 
reflected by an array of light reflecting areas bor- 
dered by non-reflecting areas for image contrast, 

45 which screen does not rely upon a front surface 
array of lenses to concentrate the light. 

To this end the projection screen according to 
the invention is characterized in that the plate is 
transparent and that the rear side of the plate is 

so provided with a relief structure comprising first and 
second facets, said first facets being planer and 
orientated substantially in parallel with the plane of 
the plate, and provided with reflection means, said 
second facets being non-refiective and orientated 
at an angle of more than 45* to the plane of the 
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plate. 

The relief structure on the rear side of the plate 
comprises reflecting first facets with second facets 
therebetween, the latter being arranged mainly per- 
pendicularly to the plane of the plate. Light which is 
incident through the plate on the second facets will 
partly emerge via these facets on the rear side of 
the plate. Consequently, this light cannot emerge 
on the front side towards the audience space. Due 
to the orientation of the screen with respect to the 
image source and the sources of the ambient light, 
relatively more ambient light will be incident on the 
second facets than will light from the image source. 
This results in that the deterioration of the contrast 
in the observed image due to reflected ambient 
light is less than in the known screen. The screen 
material itself is a homogeneous material so that 
problems caused by the combination of two materi- 
als to an anisotropic but otherwise uniform assem- 
bly are obviated. 

A front projection screen according to the in- 
vention is characterized in that the relief structure 
on the rear side is provided with longitudinal in- 
dentations alternating with flat portion, forming first 
facets of the relief structure, said indentations hav- 
ing sidewall portions forming second facets of the 
relief structure. 

The indentations may extend throughout the 
width or height of the plate or only through a part 
thereof. Radiation incident on the sidewall portions 
of the indentations is reflected thereon or partly 
emerges to the exterior, dependent on the angle of 
incidence. Since the indentations are positioned in 
such a way that the sidewall portions extend at a 
small angle to the image beam from the image 
source, light from the image beam will be substan- 
tially only reflected and a considerable part of the 
ambient light, incident under a larger angle, will 
leave the plate on its rear side via the sidewall 
portions. Thus, relatively less ambient light is re- 
flected than light of the image beam so that the 
contrast in the projected image is higher. 

A further embodiment of the projection screen 
according to the invention is characterized in that 
said relief structure comprises a Fresnel structure, 
the Fresnel facets and riser facets of said Fresnel 
structure forming first and second facets of the 
relief structure, respectively. The Fresnel structure 
converges the image beam into the audience 
space, such that the image observed has a com- 
parable brightness throughout the screen. 

In accordance with a preferred embodiment of 
the invention the projection screen is characterized 
in that the relief structure comprises lenticular ele- 
ments formed by the alternation of indentations and 
first facets, the first facets constituting tip portions 
of the lenticular elements, whereby the lenticular 
elements have a height to base width ratio of about 



i :2 to 6:1 and a base width to top width ratio from 
about 2:1 to 20:1. 

Preferably the projection screen in accordance 
with the invention is characterized in that light- 

s absorbing material is deposited at the second fac- 
ets of the relief structure. Consequently, the light 
emerging from the second facets is absorbed and 
can no longer reach the audience space via other 
paths, for example, after reflection at other faces. 

w Also the maximum angle of incidence at which total 
internal reflection occurs at the second facets may 
be reduced, thereby causing less ambient light to 
be reflected and more ambient light to be absorbed 
at the second facets. The light absorbing material 

75 may comprise, for example filaments, particles or 
coatings. 

Another embodiment of the projection screen 
according to the invention is characterized in that 
the plate comprises a first linear Fresnel structure 

20 at the front side of the plate extending in a first 
direction, and a second linear Fresnel structure at 
the rear side of the plate extending in a direction 
perpendicular to said first direction. 

A linear Fresnel structure can be made in a 

25 relatively simple way. For example, the first Fresnel 
structure on the front side of the plate can be a 
horizontal Fresnel structure converging the image 
beam in the vertical direction. The second Fresnel 
structure is then a structure extending in the verti- 

30 cal direction and converging the image beam in the 
horizontal direction towards the audience space. 

It is to be noted that it is known per se, for 
example from US-A 3 580 661 to provide two linear 
Fresnel structures on either side of a transparent 

35 plate in a projection screen. However, the known 
screen is a rear projection screen, that is to say, a 
screen intended for a projection device in which 
the image beam, viewed from the audience space, 
is incident on the rear side. In such a screen there 

40 is no problem of incident light from the image 
beam and ambient light being incident on the same 
side of the screen, where only the first-mentioned 
light must be reflected as much as possible. 

This embodiment may be further characterized 

45 in that light-absorbing material is deposited at the 
riser facets of said first Fresnel structure. Light 
absorbing material deposited at these riser facets 
also predominantly absorbs light from directions 
other than the direction from which the image 

so beam comes. This measure thus results in a higher 
contrast in the projected image. 

The front projection screen according to the 
invention is further characterized in that the light 
diffusing means have a microlens structure pro- 

55 vided on the rear side of the plate, which microlens * 
structure comprises a multitude of cylindrical len- 
ses arranged on said first facets and extending in 
the same direction as said first facets. Such micro- 
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liens structure provides light spreading in a direc- 
tion perpendicular to the direction in which the 
cylindrical lenses extend. The microlens structure 
on the rear side of the transparent plate can be 
provided simultaneously and by means of the 
same process as the relief structure. As compared 
I with light spreading at random, light spreading by 
f means of a microlens structure has the advantage 
that the reflected light can be better concentrated 
within the audience space. 

The front projection screen according to the 
invention is further characterized in that the light 
diffusing means comprises a bulk diffusor incor- 
porated in the transparent plate. A bulk diffusor 
consists of transparent particles homogeneously in- 
corporated in the plate and having a refractive 
index which differs from the refractive index of the 
plate material. The bulk diffusor spreads the light 
through the plate uniformly in all directions and 
thus also causes light spreading in the direction in 
which the microlenses extend on the rear side of 
the plate. 

A preferred embodiment of the front projection 
screen according to the invention is characterized 
in that the bulk diffusor is provided as a thin layer 
in the transparent plate. This has the advantage 
that the screen permits of a higher resolution for a 
picture displayed on the screen, as compared with 
a screen in which the bulk diffusor is spread 
throughout the thickness of the plate. 

An embodiment of the front projection screen 
according to the invention is further characterized 
in that the light diffusing means have a microlens 
structure provided on the front side of the plate, 
which microlens structure comprises a multitude of 
cylindrical lenses arranged on Fresnel facets of the 
first Fresnel structure and extending in the same 
direction as said Fresnel facets. The quantity of 
bulk diffusor in the plate may be reduced or even 
entirely omitted due to this lens structure arranged 
on the front side. Less bulk diffusor in the plate 
contributes to the sharpness of the observed pic- 
ture. In this embodiment the bulk diffusor which is 
still present is used to mitigate too abrupt intensity 
variations, for example, due to inaccuracies in the 
"structure on the front and rear sides of the plate, so 
that an intensity distribution which is pleasant to 
the eye is created. The bulk diffusor is preferably 
provided as a thin layer in the plate. 

The invention will now be described in greater 
detail, by way of example, with reference to the 
accompanying drawings in which 

Figure 1 is a cross-sectional side view of a 
front projection screen according to the invention, 
arranged in a position with respect to the picture 
source and the audience space, 

Figure 2 is a sectional plan view of the 
projection screen, 



Rgures 3 and 4 show two details of a verti- 
cal cross-section of possible embodiments of the 
projection screen according to the invention, 

Figure 5 shows a part of Figure 2 in greater 

s detail, 

Figure 6 is a horizontal cross-section view 
showing a portion of another embodiment of the 
front projection screen according to the invention, 
Figure 7 is a cross-section view similar to 
w that of Figure 6 showing a portion of a preferred 
embodiment of the screen, 

Figure 8 is a perspective view of another 
embodiment of the invention in which the lenticules 
are truncated pyramids, 
15 Figure 9 is a cross-section view of another 

embodiment of the invention, in which the front 
surface of the screen comprises a Fresnel lens, 
and 

Figure 10 is a perspective view of still an- 
20 other embodiment of the invention in which the 
screen is curved in a horizontal direction and the 
front surface of the screen comprises a 
horizontally-orientated linear Fresnel lens. 

25 Figure 1 is a vertical cross-section of the front 

projection screen 20. A primary image source, of 
which only a projection lens 10 is shown, supplies 
an image beam 1 1 . The image source may be, for 
example, a conventional slide of film projector but 

30 it may also be suitable for projecting a television or 
video program by means of three separate projec- 
tors, one for each of the primary colours red, green 
and blue. Another example of a suitable projector is 
a projector in which a light beam is modulated by 

35 means of liquid crystal modulators in accordance 
with a video or television program to be displayed. 

The image beam 1 1 is reflected by the projec- 
tion screen 20 into the audience space where a 
viewer 13 is present. The reflected beam is de- 

40 noted by the arrows 12. 

A preferred arrangement of the screen is such 
that the screen is tilted forward, the upper edge 
being closer to the audience space than the lower 
edge. This position corrects the keystone distortion 

45 which occurs when the chief ray of the image 
beam is not perpendicularly incident on the screen, 
but from below. Such an arrangement has the 
further advantage that ambient light incident from 
above on the screen is reflected mainly downwards 

so instead of towards the audience space. Most am- 
bient light sources are generally present at a level 
which is higher than that of the screen and/or the 
audience space. In this arrangement the image 
source is placed in a lower position than the au- 

55 dience space so that the light from the image 
source is reflected mainly into to the audience 
space. 

The front projection screen comprises a plate 
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of transparent material having a front side 21 and a 
rear side 25. The front side 21 has a Fresnel 
structure comprising a plurality of Fresnel facets 22 
and riser edges 23. The facets and riser edges 
extend in the horizontal direction, perpendicularly 
to the plane of the drawing. The riser edges are 
arranged substantially perpendicularly to the plane 
of the transparent plate 20. The Fresnel facets 22 
extend at an acute angle to the plane of the plate. 
This angle increases from a centre 24 to the edge 
of the plate. The centre 24 of the Fresnel structure 
is above the centre of the plate 20. To this end a 
symmetrical Fresnel structure is moved over a 
distance, or each Fresnel facet is tilted through a 
constant angle. This provides a correction for the 
fact that the audience space and the image source 
are positioned above each other. 

Figure 2 is a sectional plan view of the front 
projection screen. Like the front side, the rear side 
has a linear Fresnel structure extending in the 
vertical direction, perpendicularly to the plane of 
the drawing. This Fresnel structure comprises Fres- 
nel facets 26 and riser edges 27. The riser edges 
27 are approximately perpendicular to the plane of 
the plate 20. The facets 26 extend at an outwardly 
increasing angle to this plane. In the embodiment 
shown the centre 28 of the Fresnel structure is in 
the centre of the screen. 

Figure 3 is a detail, shown in a side view, of a 
vertical cross-section of an embodiment of the pro- 
jection screen according to the invention. A light 
ray 111 from the image source 10 (not shown) is 
incident on one of the facets 22 on the front side of 
the plate 20. The light ray subsequently traverses 
the plate, is reflected on the mirror coating pro- 
vided on the rear side 25 and, after reflection via 
one of the facets 22, it emerges on the front side. 
A bulk diffusor comprising transparent material 
grains 29 incorporated in the plate and having a 
refractive index which is different from that of the 
material of the plate 20 is provided in the plate 20. 
Due to this bulk diffusor the light ray 111 does not 
emerge as a narrow light ray but as a spread beam 
of light denoted by 112 in the Figure. The average 
direction of the beam 112 in the plane of the 
drawing is determined by the angle of incidence of 
the light ray 111 and the angle between the facets 
22 and the plane of the plate 20. The extend of 
light spreading is determined by the quantity of 
bulk diffusor. 

Spreading -of light may be caused by bulk 
diffusor as well as by unevennesses on the sur- 
faces of the facets 22 or on the rear side 25. In one 
embodiment of the front projection screen the fac- 
ets 22 are provided with microlenses 122. For light 
spreading in the vertical direction, the plane of the 
drawing in Figure 3, these may be cylindrical len- 
ses extending in the horizontal direction, perpen- 



dicularly to the plane of the drawing. These lenses 
may be arranged simultaneously with the Fresnel 
facets 22 on the plate 20. The use of cylindrical 
lenses for light spreading as compared with the 

s use of bulk diffusor has the advantage that the 
angular distribution of the light spreading is much 
better controlled and that spreading outside the 
audience space can be suppressed. A small quan- 
tity of bulk diffusor is, however, desired to mitigate 

70 the effects of inaccuracies in the surface. The 
microlens structure may comprise convex cylin- 
drical lenses, with their convex shape facing the 
audience space, or concave cylindrical lenses with 
their hollow side facing forwards, or it may com- 

75 prise concave lenses alternating with convex len- 
ses. 

To enhance the contrast in the projected pic- 
ture observed by the viewers, the riser edges 23 of 
the Fresnel structure are preferably provided with a 

20 light-absorbing, for example, matt black layer. Am- 
bient light incident on the screen, denoted by light 
rays 113, is partly intercepted on the edges by the 
absorbing layer. Since the light from the image 
source is incident on the screen in a position which 

25 is more parallel to the riser edges 23 than the 
ambient light coming from other directions, rela- 
tively more ambient light is intercepted than light 
from the image beam, so that the net effect is an 
enhancement of the contrast. 

30 Figure 4 shows a further measure of enhance 
the contrast. The rear side 25 of the transparent 
plate 20 has wedge-shaped indentations 125. 
These indentations extend entirely or partly 
throughout the width of the plate. The light from the 

as picture beam incident on the edges or sidewall 
portions of these indentations is substantially en- 
tirely reflected on the edges. However, ambient 
light 113 is predominantly incident at an angle of 
incidence at which it emerges to the exterior via 

40 the edges on the rear side of the screen. Light- 
absorbing material 126 may be provided in the 
indentations 125 so as to absorb the light emerging 
via the edges. 

In the embodiment of the screen shown in Fig. 

45 4 the bulk diffusor is provided in a thin layer 129 in 
the transparent plate 20, Due to this measure the 
sharpness of the image projected on the screen is 
enhanced. 

Figure 5 is a sectional plan view of a detail of 
so the front projection screen according to the inven- 
tion. The Fresnel facets 26 on the rear side of the 
plate 20 have a microlens structure 126 extending 
in the vertical direction, transversely to the plane of 
the drawing. The rear side of the facets is further 
55 provided with a layer reflecting light to the front 
side. The microlens structure causes a spread of 
the incident light in the horizontal plane, the plane 
of the drawing. 
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A light ray 111 from the image source tra- 
verses the plate 20. is reflected on the rear side 
and leaves the plate as a beam 112 spread in the 
horizontal plane. The bulk diffusor incorporated in 
the plate also contributes to the spreading of light 5 
in the horizontal direction. 

The edges 27 of the £resnel structure are 
transparent, or they are provided with a light-ab- 
sorbing, for example, matt black layer. The light 
incident on these edges therefore emerges from tc 
the screen via these edges on the rear side or it Is 
absorbed on the edges. As a result of the orienta- 
tion of the edges with respect to the incident image 
beam and the ambient light, the fraction of the 
ambient light incident on the edges will be consid- ts 
erabiy larger than the fraction of the image beam 
reaching the edges 27. The contrast in the image 
observed is thus higher because relatively more 
ambient light Is intercepted than light which comes 
from the image source. 20 

Figure 6 is a horizontal cross-section view, 
illustrating another embodiment of a projection 
screen in accordance with the invention. Light tran- 
smissive layer 30 has a front planar surface 30a 
and a rear surface provided with indentations defin- 25 
ing an array of vertically oriented lenticules 32, 
each lenticule having steeply inclined sidewall por- 
tions 32a and a tip portion 32b. Adjacent this array 
is a layer 33 having a light reflective surface 33a in 
close proximity to the tip portions 32b of the len- 30 
ticules 32. Alternatively, reflective surface 33a may 
be optically coupled to the array. For example, an 
adhesive can be used to fix the reflective surface 
against the tip. If the adhesive is optically transmis- 
sive, and if it has a refractive index approximately 35 
equal to the medium of the transmissive sheet, 
then optically coupling will be realized. Black mask- 
ing is in the form of light absorbing filaments 35, 
located in the indentations or grooves between the 
lenticules 32. 40 

In operation, light rays, designated A through 
D, from both the projected image and from ambient 
sources enter layer 30, and are refracted in accor- 
dance with Snell's Law. Light rays A and B, repre- 
sentative of ambient light, enter at oblique angles 45 
of incidence with respect to the projection axis P. 
Ray A strikes a lenticule sidewall with an incident 
angle too small for total internal reflection, and thus 
is transmitted and absorbed by a filament 35. Ray 
B strikes a lenticule at an incident angle large so 
enough for total internal reflection, but too small to 
be transmitted to the tip portion of the lenticule. 
Ray B is thus transmitted through the adjacent 
sidewall. reflected from surface 33a and absorbed 
by a filament 35. 55 

Rays C and D, representative of light from the 
projected image, enter layer 30 along the projec- 
tion axis P. Consequently, these rays strike the 



sidewails of the lenticules at relatively large angles 
of incidence, and are totally internally reflected to 
the tip portions of the respective lenticules, where 
they are transmitted to reflective surface 33a and 
reflected back as Rays E and F into layer 30 and 
hence refracted into the audience field. 

Diffusion means in the form of light scattering 
particles 29 may be present to aid in the spreading 
of light into the audience field, particularly in the 
vertical direction. 

Figure 7 is a cross-section of three lenticular 
lens elements, each having side surfaces 34 and 
36 and an upper tip surface 38. The side surface 
34 and 36 may be linear, but are preferably con- 
vexed outward, and have an average slope $ and 
9 selected to establish a degree of internal reflec- 
tion desired to direct light from a projection source 
to the tip surface 38. 

Usually, the sides 34 and 36 will be mirror 
images, i.e., the lenticules will be symmetrical. In 
such cases, $ = a. Also known in the screen art is 
the use of lenticules which are not symmetrical. In 
this case, the distribution of light horizontally can 
still be symmetrical if adjacent lenticules are re- 
versed, so that d and 8 are reversed, as shown in 
the Figure. Other arrangements to provide a de- 
sired distribution of light are also possible. 

In a preferred embodiment, the ratio of the 
base width W of the lenticules to the width w' of 
the upper tip surface 38 is in the range of from 
about 2:1 to 20:1, and preferably at least 3:1. The 
ratio of the lenticule height h to the base width W 
is in the range of from about 1:2 to 6:1, and is 
preferably at least 2:3. 

Ratios of height to base width larger than 6:1 
are possible, but are not necessary. Ratios of 
height to base width smaller than 1 :2 have reduced 
efficiency. Ratios of base width to tip width smaller 
than 2:1 have poorer rejection of ambient light 
because a large percentage of the rear surface 
must have a reflective means; else the efficiency is 
reduced. Ratios of base width to tip width greater 
than 20:1 have light concentrated to such a small 
area that providing sufficient accuracy to the side 
wall shape becomes a problem. 

In setting the ratio of base width W of the 
lenticules to the width VV of the upper tip surface 
38, and the ratio of the lenticule height h to the 
base width W, the refractive index of the light 
transmissive layer should be taken into account. 
For the preferred material, polymethylmethacrylate, 
the refractive index is about 1.5. For other practical 
materials, this value will not change sufficiently to 
invalidate the stated ranges of ratios. 

The apparent contrast of images displayed on 
such front projection screens may be enhanced by 
applying a light absorbing material, so-called black 
masking, between the lenticules to reduce reflected 
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ambient light Black masking is shown in both 
Figure 6 and Figure 7. In Figure 6, such masking is 
accomplished by placing a black filament or thread 
capable of absorbing visible light in the indenta- 
tions or grooves 46 between the lenticules. In Fig- 
ure 7, such masking is accomplished by filling a 
substantial portion of the grooves 46 with discreet 
black particles 48, and by containing said particles 
by means of a skin 50 which extends between the 
lenticular ribs 32 and over the groove 46. By prop- 
erly choosing the refractive index of the filling 
material the maximum angle for total internal reflec- 
tion can be adjusted to provide optimum selectivity 
between light rays originating from the image 
source and ambient light. Such a black mask con- 
struction is described in U.S. patent 4 605 283. 

As mentioned above, diffusion means may be 
employed in such front projection screens in order 
to increase the vertical distribution of light provided 
by the projection lenses. This diffusion can be 
effected by a bulk property of the refracting ma- 
terial from which the screen is constructed, or can 
be due to surface texturizing of any surface, or can 
be a diffusion layer present in a composite lami- 
nate, or can be produced by some combination of 
these approaches. 

As an alternative to diffusion means, a longitu- 
dinal lenticular lens array at right angles to the 
main array may be employed to aid in the distribu- 
tion of light in the vertical direction. The focal 
length of the elements of the array should be 
substantially different from the thickness of the 
transmissive layer. The array can be on the surface 
30a or imbedded in the sheet 30, provided that 
there is a refractive index change at the array 
interface to provide for optical power. A practical 
change in refractive index for this purpose would 
be 0.1 or greater. Plastics are known which still 
provide this amount of variation of refractive index, 
even within one generic glass, such as acrylics. 

In the event that it is desired to also have a 
horizontal linear Fresnel lens on surface 30a to 
provide for vertical control of the mean direction of 
projected light returned to the audience space, or 
in conjunction with a horizontally curved screen to 
compensate for the angle at which projected light 
strikes the screen, the surface of the facets of the 
linear Fresnel lens can be curved so that the linear 
Fresnel lens provides for the dual purpose of 
spreading light vertically and controlling the direc- 
tion of incident or projected rays. Such curvature 
would be cylindrical^ convex or cylindrically con- 
cave. 

Front projection screens made in accordance 
with the present invention can be manufactured by 
various processes, including compression molding, 
injection molding, extrusion, hot roller pressing, 
casting and photo-polymerization processes. Such 



screens can be constructed of optically transparent 
or translucent solid materials such as inorganic 
glasses and a variety of plastics. A preferred ma- 
terial is polymethylmethacrylate. The front surface 

5 of the screen may be treated with a coating to 
improve its durability. 

An important variation of the design of the 
screen is to replace the longidinal lenticular array 
with a two dimensional array of 4-sided truncated 

io pyramids having horizontal and vertical cross^sec- 
tions corresponding to the cross-section of a linear 
lenticule. The pyramids need not have square 
bases, but can have, for example, a narrower pitch 
in the vertical direction which will result in a nar- 

75 rower distribution of light vertically than horizon- 
tally. Such an array 58 is shown in Figure 8, in 
which truncated pyramids 60 comprise sides 60a 
and tips 60b. and black masking 62 is present in 
the spaces between the pyramids 60 in both the 

20 vertical and horizontal directions. Use of the pyr- 
amids will result in a greater effective area of black 
masking and so will improve the constrast of dis- 
plays viewed in ambient light. This variation will 
especially improve the absorption of ambient light 

25 predominantly directed from above or below. 

If it is needed, a Fresnel lens 80 can be 
introduced on the front surface (i.e. the surface 
observed by the audience) of a one-piece screen 
82 shown in Figure 9. Such a Fresnel lens can be 

so designed to compensate for the change in angle 
that the projected light makes with the screen 
normal at different portions of the screen. This is 
most needed if the projection distance is relatively 
short or the projection screen is relatively large. 

as Another method of compensating for the angle 
at which projected light strikes the screen is to 
curve the screen concavely as viewed from the 
audience field. As will be appreciated, curving the 
screen in one direction and using a linear collimat- 

40 ing Fresnel lens in the other direction advanta- 
geous in providing a degree of normally incident 
light rays otherwise obtainable only by spherically 
curving the screen, which is often difficult to 
achieve in practice. Such an arrangement is shown 

45 in Figure 10, in which horizontally oriented linear 
Fresnel lens 92 is present on the front surface of 
screen 90, which is curved in the horizontal direc- 
tion only. 

50 

Claims 

1. A front projection screen for displaying in an 
audience space an image supplied by an image 
55 beam from an image source, which projection 
screen comprises a plate having a front side and a 
rear side, the front side facing the audience space, 
said plate having diffusing means for spreading 
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light from the image source in the audience space, 
characterized in that the plate is transparent and 
that the rear side of the plate is provided with a 
relief structure comprising first and second facets, 
said first facets being planar and orientated sub- 
stantially in parallel with the plane of the plate, and 
provided with reflection means, said second facets 
being non-reflective and orientated at an angle of at 
least 45* to the plane of the plate. 

2. A front projection screen as claimed in Claim 

1, characterized in that the relief structure on the 
rear side is provided with longitudinal indentations 
alternating with flat portions forming first facets of 
the relief structure, said indentations having 
sidewall portions forming second facets of the relief 
structure. 

3. A front projection screen as claimed in Claim 
1 or 2, characterized in that said relief structure 
comprises a Fresnel structure, the Fresnel facets 
and riser facets of said Fresnel structure forming 
first and second facets of the relief structure, re- 
spectively. 

4. A front projection screen as claimed in Claim 

2, characterized in that the relief structure com- 
prises lenticular elements formed by the alternation 
of indentations and first facets, the first facets con- 
stituting tip portions of the lenticular elements, 
whereby the lenticular elements have a height to 
base width ratio of about 1:2 to 6:1 and a base 
width to top width ratio from about 2:1 to 20:1. 

5. A front projection screen as claimed in Claim 
2, characterized in that the indentations extend 
across the plate in two substantially perpendicular 
directions and the first facets constitute the tip 
portion of a truncated pyramid, which pyramid fur- 
ther has a substantially rectangular base portion 
and four sidewall portions. 

6. A front projection screen as claimed in Claim 
1, 2. 3, 4 or 5. characterized in that light-absorbing 
material is deposited at the second facets of the 
relief structure. 

7. A front projection screen as claimed in Claim 
6, characterized in that the light-absorbing material 
comprises black filaments. 

8. A front projection screen as claimed in Claim 
6, characterized in that the light-absorbing material 
comprises black particles. 

9. A front projection screen as claimed in Claim 
1, 2, 3, 4, 5, 6, 7 or 8, characterized in that the 
plate comprises a first linear Fresnel structure at 
the front side of the plate extending in a first 
direction, and a second linear Fresnel structure at 
the rear side of the plate extending in a direction 
perpendicular to said first direction. 

10. A front projection screen as claimed in 
Claim 9. characterized in that light-absorbing ma- 
terial is deposited at the riser facets of said first 
Fresnel structure. 



1 1 . A front projection screen as claimed in any 
one of the preceding Claims, characterized in that 
said light diffusing means comprise a microlens 
structure provided at the rear side of the plate, 

s which microlens structure comprises a multitude of 
cylindrical lenses arranged on said first facets and 
extending in the same direction as the first facets. 

12. A front projection screen as claimed in any 
one of the preceding Claims, characterized in tht 

10 the light spreading means comprises a bulk diff- 
fusor incorporated in the transparent plate. 

13. A front projection screen as claimed in 
Claim 12, characterized in that the bulk diffusor is 
provided as a thin layer in the transparent plate. 

is 14. A front projection screen as claimed in 
Claim 9 or 10, characterized in that the light diffus- 
ing means comprise a microlens structure provided 
at the front side of the plate, which microlens 
structure comprises a multitude of cylindrical len- 

20 ses on Fresnel facets of said first linear Fresnel 
structure and extending in the same direction as 
said Fresnel facets. 

15. A front projection screen as claimed in any 
one of the preceding Claims, characterized in that 

25 the reflective means comprises an external layer 
having a mirrored surface adjacent the rear side of 
the plate. 
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